Various zinc halide-based ionic liquids were prepared from zinc halides and onium halides as catalysts for the synthesis of styrene carbonate (SC) from styrene oxide and carbon dioxide.
For several runs, the value of n (L/Zn) was changed.
The reaction of styrene oxide (SO) and CO 2 was conducted batchwise in a 50 cm 3 autoclave. The zinc based ionic liquid catalyst (0.1 mmol) and SO (35 mmol) were charged into the reactor. The reactor was purged with CO 2 three times and pressurized with CO 2 to 4 MPa.
The reaction mixture was heated to 80°C and kept for 30 min at this temperature under stirring.
The initial pressure of CO 2 at 80°C reached to 5 MPa. After the reaction, the reactor was cooled by ice water to room temperature and depressurized to an atmospheric pressure. The reaction mixture was added with 1 cm 3 of toluene as an internal standard for analysis, diluted with ethyl acetate to 25 cm 3 and analyzed on a gas chromatograph (Shimadzu 390B) packed with a capillary column (GL Science TC-17) using a flame ionization detector. The SO conversion and the SC yield were determined on the basis of the results obtained with authentic samples.
Results and Discussion
In the present study, various ionic liquids, [L] n ZnX 2 Y n , were prepared from zinc halides and onium halides as the catalysts for the SC synthesis. Under the present reaction conditions, 100% selectivity to SC was obtained in all the reaction runs. Table 2 is difficult at present; however, it can be said that the type of halide (X) originating from the zinc salt precursor is more significant than that of halide (Y) originating from TBA salt for determining the catalytic activity of the ionic liquid prepared. However, it can be said again that the halide X is more significant than the halide Y for determining the catalytic activity of the ionic liquids (entries 2 and 5). increase in the SC yield was observed with increasing the ratio up to 4. Thus, the influence of the ratio depends on the onium cation contained in the ionic liquid. Fig. 1 Table 4 (entries 5-10). reported that the insertion of CO 2 into metal-O bond of metal complexes occurred even around room temperature and at ambient pressure of CO 2 [11, 13, [37] [38] [39] . This might be a possible reason why the influence of CO 2 pressure on the SC yield was not so significant (Fig. 2) . The dependence of the SC yield on the type of halide anion involved in the ionic liquid is complicated to explain. Probably, this would result from two conflicting factors of the nucleophilicity and the steric hindrance of the halide anion that participates to the cooperative activation of the epoxide molecule. As shown in Tables 2 and 3 , the type of halide X was more significant than that of halide Y for determining the catalytic activity of the ionic liquid.
Influence of ionic liquid composition on the SC synthesis

Comparison of various catalyst systems for the SC synthesis
Considering this, one can speculate that the participation of X is more significant than Y in the ring-opening step that is important for the overall reaction rate. The liberation of Y cannot be completely excluded, but its possibility would be low.
The structure of onium cation was significant for the catalytic activity of the ionic liquid (Table 1) . Probably, the easiness of the liberation of halide species and/or the stability of the reaction intermediates would depend on the onium cation structure. 
Conclusions
Various zinc halide based ionic liquids, [L] n ZnX 2 Y n , were prepared from zinc halides and onium halides as the catalysts for the SC synthesis from SO and CO 2 . 
